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Introduction {#sec005}
============

Secondary hyperparathyroidism (SHPT), which is characterized by serum parathyroid hormone (PTH) elevation, is a common mineral metabolism abnormality in patients with chronic kidney disease (CKD). Excessive PTH secretion disturbs the calcium (Ca) and phosphate metabolism, which is considered to be the main cause of ectopic calcification \[[@pone.0232428.ref001]\]. Accelerated coronary artery calcification is often found in dialysis patients with SHPT and its presence is associated with increased cardiovascular events and mortality \[[@pone.0232428.ref002]\]. Since there is no treatment that can efficiently reverse vascular calcification, its prevention is important in improving prognosis of patients with SHPT.

Parathyroid hyperplasia is also a characteristic feature of SHPT and its progression leads to hypersecretion of PTH from the parathyroid glands and this in turn leads to altered mineral metabolism \[[@pone.0232428.ref003]\]. Hence, preventing the progression of parathyroid cell growth and gland enlargement is important to suppress the elevation of serum PTH and Ca.

Cinacalcet is the first approved calcimimetic agent in 2004, allosterically modulates the calcium receptor (CaR) on parathyroid gland cells and suppresses PTH secretion \[[@pone.0232428.ref004], [@pone.0232428.ref005]\]. Cinacalcet has been widely used clinically for more than 10 years in the world for management of SHPT in dialysis patients \[[@pone.0232428.ref006]--[@pone.0232428.ref011]\] and succeeded to reduce the number of parathyroidectomies \[[@pone.0232428.ref012]\]. It has been reported that the progression of cardiovascular calcification was attenuated by combination therapy with cinacalcet and low-dose vitamin D receptor activator (VDRA) in comparison to monotherapy with higher doses of VDRA in SHPT patients \[[@pone.0232428.ref013]\]. It has also been suggested that cinacalcet contributes to reducing the size of the parathyroid glands in SHPT patients \[[@pone.0232428.ref014]--[@pone.0232428.ref016]\].

Although cinacalcet has excellent PTH lowering effect, it has problems of causing upper gastro-intestinal (GI) side effects such as nausea and vomiting at a certain rate \[[@pone.0232428.ref017]\]. These problems sometimes become an obstacle to the long-term use of cinacalcet or treatment with increased doses of cinacalcet \[[@pone.0232428.ref018], [@pone.0232428.ref019]\]. Evocalcet has been developed to address these issues. Although evocalcet suppresses PTH secretion with a similar pharmacological profile to cinacalcet, it has lesser effect on the GI tract than cinacalcet \[[@pone.0232428.ref020]\]. Nevertheless, the effects of evocalcet on ectopic calcification and parathyroid hyperplasia need to be evaluated further.

In this study, we assessed the effects of evocalcet on vascular and tissue calcification using CKD rats with SHPT induced by adenine feeding. We also measured the effects of evocalcet on parathyroid gland cell proliferation and cell size in CKD rats with SHPT induced by 5/6 nephrectomy (Nx).

Materials and methods {#sec006}
=====================

Evocalcet {#sec007}
---------

Evocalcet was synthesized at Mitsubishi Tanabe Pharma Corporation (Lot No. 134016 for the single administration study, Lot No. 45AP80110001 for the long term administration studies, Osaka, Japan).

Animals {#sec008}
-------

Male Sprague Dawley rats (13 weeks of age) were purchased from Japan SLC Inc. (Shizuoka, Japan) for the study using CKD rats with SHPT induced by adenine. Male Sprague Dawley rats (6 weeks of age) were purchased from Charles River Laboratories Japan, Inc. (Kanagawa, Japan), for the study using CKD rats with SHPT induced by 5/6 Nx.

The rats were kept at 20--26°C and 30--70% humidity under a 12-hour light-dark cycle with *ad libitum* access to tap water and commercial chow (for the study using CKD rats with SHPT induced by adenine: CE-2, CLEA Japan, Inc., Shizuoka, Japan. For the study using CKD rats with SHPT induced by 5/6 Nx: FR-2, Funabashi Farm Co., Ltd., Chiba, Japan. Both diets are normal diets) prior to the experiments. All experimental animals were monitored at least once per working day throughout the course of the study. Humane endpoints were defined as reduced physical activity level, weight loss, hunched posture, and other signs of distress. All rats reaching humane endpoints or in the single administration study were euthanized by carbon dioxide inhalation after the completion of studies. Euthanasia by carbon dioxide inhalation was conducted in the home cage. An optimal flow rate is 20% replacement of the home cage volume/min. We observed the respiratory and cardiac arrest in rats, and maintained CO~2~ flow for at least 3 minutes after respiratory and cardiac arrest. After both signs were observed, rats were removed from the cage. The rats in the long term studies were euthanized by exsanguination via the abdominal aorta/vena cava under isoflurane anaesthesia. All animal studies were carried out in strict accordance with the Standards for Proper Conduct of Animal Experiments at Kyowa Kirin Co., Ltd. The protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of Kyowa Kirin Co., Ltd. (protocol number APS 18J0188 for the single administration study, 17J0078 for the five-week administration study using CKD rats with SHPT induced by adenine, 14J0052 for the four-week administration study using CKD rats with SHPT induced by 5/6 Nx), and all efforts were made to minimize patient distress and suffering.

CKD rats with SHPT induced by adenine {#sec009}
-------------------------------------

### Single administration study {#sec010}

To establish CKD rats with SHPT induced by adenine, eighteen rats were fed with a CE-2 diet containing 0.75% adenine and 2.5% protein (adenine diet; CLEA, Japan, Inc., Shizuoka, Japan). Six rats in the control group were fed with a CE-2 diet containing 25% protein (control diet). After three weeks of the adenine-diet feeding, rats were randomly divided into three groups matched for body weight as well as blood urea nitrogen (BUN) and serum creatinine. The adenine diet was then changed to a normal diet and vehicle (0.5% methyl cellulose solution) or evocalcet (0.03 or 0.3 mg/kg) was orally administered. Blood samples were obtained from the tail vein before and 2, 4, 8, and 24 hours after the administration.

### Five-week administration study {#sec011}

CKD rats with SHPT induced by adenine by the methods described above, were used. After adenine-diet feeding, sixteen rats were randomly divided into two groups. The adenine diet was then changed to a normal diet, and vehicle (0.5% methyl cellulose solution) or evocalcet (0.3 mg/kg) were orally administered once daily for five weeks. Blood samples were obtained from the jugular vein 24 hours after the last administration. At the end of the study, the thoracic aorta, abdominal aorta, heart and kidney were removed and their Ca and inorganic phosphorus (IP) content and calcification levels were measured.

### Biochemical analyses {#sec012}

The serum PTH levels were measured using a Rat Intact PTH ELISA kit (Immutopics, Inc., San Clemente, CA). The serum Ca, IP, BUN and creatinine levels were measured using an auto analyzer (Hitachi High-Technologies Corporation., Tokyo, Japan). For the single administration study, the serum Ca level was measured using a Calcium E-test Wako (FUJIFILM Wako Pure Chemical Co., Ltd., Osaka, Japan).

### Evaluation of the Ca and IP content in the thoracic aorta, heart and kidney {#sec013}

The thoracic aorta, heart and kidney were defatted with chloroform and methanol (2:1) for two days and dehydrated by acetone for three hours. The samples were incinerated to ashes at 550°C for 12 hours using an electric muffle furnace, then extracted with hydrochloric acid and diluted with distilled water. The levels of Ca and IP in the tissue were measured using a Calcium E-test Wako and Phospha C-test Wako (FUJIFILM Wako Pure Chemical Co., Ltd., Osaka, Japan) respectively and were represented as the weight of Ca or IP per dry tissue weight.

### Evaluation of calcification with von Kossa staining {#sec014}

The thoracic aorta, abdominal aorta, heart and kidney were fixed in a 10% neutral-buffered formalin and embedded in paraffin and sectioned by standard methods. Paraffin blocks were sectioned into slices of approximately 3 μm in thickness. The sections were stained using the von Kossa method and scored by visually estimating the percentage of the stained area within the samples as: 0% (none), ±: \<25% (slight), +: 25--50% (mild), 2+: 50--75% (moderate), 3+: \>75% (marked).

CKD rats with SHPT induced by 5/6 Nx {#sec015}
------------------------------------

### Four-week administration study {#sec016}

Rats were 5/6 nephrectomized in two steps. Under anesthesia (pentobarbital, 50 mg/kg; intraperitoneally) and analgesia (lidocaine; topically), two-thirds of the left kidney was removed, and then the right kidney was removed after a seven-day interval. Seven days after the completion of 5/6 Nx, the FR-2 diet was changed to a high-phosphate diet, containing 0.6% calcium and 0.9% phosphate (Oriental Yeast Co., Ltd., Tokyo, Japan). Approximately two weeks after the initiation of the high-phosphate diet, sixty four 5/6 Nx rats were divided into three groups matched for body weight as well as BUN and serum PTH and Ca. Vehicle or evocalcet (0.1 or 0.3 mg/kg) was orally administered to each group once daily for four weeks. To evaluate the cellular proliferation, the rats were subcutaneously infused with 5-bromo-2'-deoxyuridine (BrdU) by osmotic pump from seven days before necropsy. At necropsy, the weight of the parathyroid gland was measured.

### Evaluation of parathyroid gland cell proliferation and cell size {#sec017}

The parathyroid glands were fixed with 10% (vol) neutral-buffered formalin and routinely processed with paraffin. The paraffin blocks were sectioned into slices of approximately 5 μm in thickness. After dewaxing and rehydration, the sections were incubated with 3% (vol) hydrogen peroxide/PBS, to quench the endogenous peroxidase, and treated with 0.05% (w/v) pronase E for deproteinization. The sections were incubated with an anti-BrdU antibody (Clone: Bu20a; DAKO Inc., Carpinteria, CA) and with horseradish peroxidase-labelled polymer conjugated to anti-mouse immunoglobulins (Envision+; DAKO Inc.). The signal was visualized with 3,3-diaminobenzidine. Hematoxylin was applied for nuclear counterstaining.

The ratio of BrdU-positive cells was calculated from the number of BrdU-positive nuclei, the number of total nuclei, and the area of a section. The area of parathyroid gland cells was expressed as the cell size and determined using a hematoxylin-stained section. The cell size was calculated using the following formula: Cell size (μm^2^) = the total area of section/the total number of nucleus in a section. These parameters were analyzed using the Aperio ImageScope and Nuclear (ver. 9) software programs (Aperio Technologies Inc., Vista, CA).

Statistical analysis {#sec018}
--------------------

All values are expressed as the mean + S.E. The statistical analyses were all performed using a statistical analysis software program (SAS, release 9.4; SAS Institute, Inc., Cary, USA). Differences between the control or sham groups and the vehicle-treated CKD rat group were determined by Fisher's *t* test followed by Student's *t*-test or the Aspin-Welch test. When significant differences between the vehicle-treated CKD rat group and the evocalcet-treated groups were identified by Bartlett test, differences were determined by a one-way ANOVA followed by Dunnett's test. When significant differences were not identified by Bartlett test, differences were assessed by the Kruskal-Wallis test followed by the Steel test. P values of \<0.05 were considered to indicate statistical significance in all of the analyses.

Results {#sec019}
=======

Effects of evocalcet on serum PTH and Ca in CKD rats with SHPT induced by adenine (single administration study) {#sec020}
---------------------------------------------------------------------------------------------------------------

We observed the effects of evocalcet on serum PTH and Ca in CKD rats with SHPT induced by adenine. The rats, which were fed an adenine diet for three weeks, showed a significant increase in serum PTH levels in comparison to control rats (7750±901 pg/mL vs. 2737±592 pg/mL), suggesting the development of SHPT. Oral treatment with evocalcet (0.3 mg/kg) obviously decreased the serum PTH levels in comparison to vehicle-treated CKD rats at 2 hours after administration; the effect lasted for 24 hours ([Fig 1A](#pone.0232428.g001){ref-type="fig"}). The serum Ca levels were also decreased by treatment with evocalcet (0.3 mg/kg) ([Fig 1B](#pone.0232428.g001){ref-type="fig"}). On the other hand, evocalcet (0.03 mg/kg) did not clearly affect either serum PTH or Ca at any point ([Fig 1A and 1B](#pone.0232428.g001){ref-type="fig"}).

![Effects of evocalcet on serum PTH and Ca in CKD rats (single administration study).\
Vehicle or evocalcet (0.03 or 0.3 mg/kg) was orally administered to control rats and CKD rats with SHPT induced by adenine. (A) Serum PTH and (B) Ca levels. The data are presented as the mean + S.E. (n = 6/group).](pone.0232428.g001){#pone.0232428.g001}

Effects of evocalcet on biochemical parameters in CKD rats with SHPT induced by adenine (five-week administration study) {#sec021}
------------------------------------------------------------------------------------------------------------------------

CKD rats with SHPT induced by adenine were treated with evocalcet for five weeks. There were no differences in body weight or food consumption between vehicle-treated CKD rats and evocalcet-treated CKD rats ([Table 1](#pone.0232428.t001){ref-type="table"}).

10.1371/journal.pone.0232428.t001

###### Biochemical parameters of evocalcet after 5-week-administration to CKD rats.

![](pone.0232428.t001){#pone.0232428.t001g}

  Parameters                    Sham          Adenine                                               
  ----------------------------- ------------- ----------------------------------------------------- ---------------------------------------------------
  body weight (BW; g)           500 ± 17      370 ± 15[\#\#](#t001fn002){ref-type="table-fn"}       394 ± 8
  cumulative food intake (g)    1265 ± 33     791 ± 28[\#\#](#t001fn002){ref-type="table-fn"}       801 ± 11
  serum PTH (pg/mL)             991 ± 235     7630 ± 2020[\#](#t001fn001){ref-type="table-fn"}      1359 ± 416[\*\*](#t001fn003){ref-type="table-fn"}
  serum Ca (mg/dL)              10.7 ± 0.1    10.5 ± 0.2                                            10.0 ± 0.1
  blood urea nitrogen (mg/dL)   20.9 ± 0.8    109.5 ± 11.7[\#\#](#t001fn002){ref-type="table-fn"}   121.1 ± 13.0
  serum creatinine (mg/dL)      0.41 ± 0.01   1.84 ± 0.23[\#\#](#t001fn002){ref-type="table-fn"}    2.05 ± 0.24
  serum IP (mg/dL)              7.1 ± 0.2     9.1 ± 0.8[\#](#t001fn001){ref-type="table-fn"}        9.7 ± 0.7
  Ca x IP (mg2/dL2)             75.9 ± 2.7    94.4 ± 6.7[\#](#t001fn001){ref-type="table-fn"}       97.5 ± 7.5
  heart weight (mg/g BW)        2.45 ± 0.03   3.76 ± 0.23[\#\#](#t001fn002){ref-type="table-fn"}    3.58 ± 0.11
  kidney weight (mg/g BW)       5.5 ± 0.2     22.5 ± 3.3[\#\#](#t001fn002){ref-type="table-fn"}     22.6 ± 2.2

^\#^P \< 0.05,

^\#\#^P \< 0.01 vs. control group (Student's t-test or Aspin-Welch test);

\*\*P \< 0.01 vs. vehicle-treated CKD rat group (Steel test).

At the end of the study period, in comparison to the control rats, CKD rats exhibited significant increases in their serum PTH and IP levels as well as BUN and serum creatinine levels ([Table 1](#pone.0232428.t001){ref-type="table"}). Evocalcet treatment reduced the serum PTH and Ca levels, while the serum IP level tended to increase, resulting in no significant differences in the serum calcium phosphate product (Ca x IP), which is presumed to be a risk factor for aortic calcification. The relative heart and kidney weight were increased in vehicle-treated CKD rats; no significant improvement was observed in the evocalcet-treated group.

Effects of evocalcet on ectopic calcification in CKD rats with SHPT induced by adenine {#sec022}
--------------------------------------------------------------------------------------

In order to examine the effectiveness of evocalcet in preventing ectopic calcification of soft tissues, we analyzed the Ca and IP levels of the thoracic aorta, heart and kidney, and calcification of the thoracic aorta, abdominal aorta, heart and kidney histologically by von Kossa staining. In the vehicle-treated CKD rats group, the tissue Ca and IP content in the thoracic aorta was significantly increased in comparison to the control group ([Fig 2A and 2B](#pone.0232428.g002){ref-type="fig"}), which displayed Mönckeberg arterial calcification, characterized by Ca deposition in the medial smooth muscle cells ([Fig 3](#pone.0232428.g003){ref-type="fig"}). Evocalcet reduced the content of both Ca and IP, as well as calcification of the aorta in CKD rats (Figs [2A, 2B](#pone.0232428.g002){ref-type="fig"} and [3](#pone.0232428.g003){ref-type="fig"}), which was also shown by von Kossa staining score ([Table 2](#pone.0232428.t002){ref-type="table"}). Similarly, the tissue Ca content and calcification scores in the heart and kidney were increased in CKD rats in comparison to the control group, and were reduced by the administration of evocalcet ([Fig 2C--2F](#pone.0232428.g002){ref-type="fig"} and [Table 2](#pone.0232428.t002){ref-type="table"}).

![Effects of evocalcet on Ca and IP content in tissues in CKD rats.\
Vehicle or evocalcet (0.3 mg/kg) was orally administered to control and CKD rats with SHPT induced by adenine once daily for five weeks. The data are presented as the mean + S.E. (n = 5-10/group). (A) The Ca and (B) IP content in the thoracic aorta. (C) The Ca and (D) IP content in the heart. (E) The Ca and (F) IP content in kidney. \#P \< 0.05 vs. control group (Aspin-Welch test); \*P \< 0.05, and \*\*P \< 0.01 vs. vehicle-treated CKD rat group (Steel test).](pone.0232428.g002){#pone.0232428.g002}

![Representative von Kossa staining of the CKD rat aorta.\
Thoracic aortas from control rats and CKD rats with SHPT induced by adenine were subjected to von Kossa staining. Scale bar, 500 μm. (A) Control; (B) vehicle-treated CKD; (C) evocalcet-treated CKD.](pone.0232428.g003){#pone.0232428.g003}

10.1371/journal.pone.0232428.t002

###### Von Kossa stain scoring.

![](pone.0232428.t002){#pone.0232428.t002g}

                      Grade               
  ------------------- ------- --- --- --- ---
  Thoracic aorta                          
  control             5       0   0   0   0
  adenine vehicle     3       1   1   2   2
  adenine evocalcet   10      0   0   0   0
  Abdominal aorta                         
  control             5       0   0   0   0
  adenine vehicle     4       1   0   2   2
  adenine evocalcet   10      0   0   0   0
  Heart                                   
  control             5       0   0   0   0
  adenine vehicle     6       1   2   0   0
  adenine evocalcet   9       1   0   0   0
  Kidney                                  
  control             5       0   0   0   0
  adenine vehicle     0       0   4   5   0
  adenine evocalcet   0       2   8   0   0

The data are presented as the number of samples with each von Kossa staining score for each group. Scoring: -: 0% (none), ±: \<25% (slight), +: 25--50% (mild), 2+: 50--75% (moderate), 3+: \>75% (marked).

Effects of evocalcet on parathyroid gland cell proliferation and size in CKD with SHPT rats induced by 5/6 Nx {#sec023}
-------------------------------------------------------------------------------------------------------------

Next, to evaluate the effects of evocalcet on parathyroid gland cell proliferation, CKD rats with SHPT induced by 5/6 Nx were treated with evocalcet (0.1 and 0.3 mg/kg) once daily for four weeks. The dose of 0.1 mg/kg was associated with a significant reduction in serum PTH and Ca levels and an even higher reduction was observed at a dose of 0.3 mg/kg in this model, as we showed previously \[[@pone.0232428.ref020]\]. The ratio of BrdU-positive cells (%) in the vehicle-treated CKD rat group was significantly increased in comparison to the sham group (Figs [4](#pone.0232428.g004){ref-type="fig"} and [5](#pone.0232428.g005){ref-type="fig"}). Parathyroid gland cell proliferation was suggested to be induced by 5/6 Nx. Evocalcet treatment significantly decreased the ratio of BrdU-positive cells in comparison to vehicle-treated CKD rats. The comparison of the vehicle-treated CKD rat group and the sham group revealed that the weight of the parathyroid gland and the size of parathyroid gland cells were significantly increased, whereas these increases were significantly ameliorated by evocalcet treatment ([Fig 5](#pone.0232428.g005){ref-type="fig"}).

![Representative BrdU staining of a parathyroid gland specimen from a CKD rats.\
The parathyroid glands from sham-operated and CKD rats with SHPT induced by 5/6 Nx were stained with BrdU. (A) Sham; (B) vehicle-treated CKD; (C) evocalcet-treated CKD (0.1 mg/kg); (D) evocalcet-treated CKD (0.3 mg/kg). Scale bar, 50 μm. Nx, nephrectomy.](pone.0232428.g004){#pone.0232428.g004}

![Effects of evocalcet on parathyroid gland cell proliferation and sizes in CKD rats.\
Vehicle or evocalcet (0.1 or 0.3 mg/kg) was orally administered to sham-operated and CKD rats with SHPT induced by 5/6 Nx once daily for four weeks. The data are presented as the mean + S.E. (n = 10-11/group). (A) Parathyroid gland cell proliferation. (B) Parathyroid gland weight. (C) The size of the parathyroid gland cells. \#\#\#P \< 0.001 vs. Sham group (Student's t-test or Aspin-Welch test); \*P \< 0.05, \*\*P \< 0.01, and \*\*\*P \< 0.001 vs. vehicle-treated CKD group (Dunnett's test or Steel test). Nx, nephrectomy.](pone.0232428.g005){#pone.0232428.g005}

Discussion {#sec024}
==========

Evocalcet is a newly synthesized calcimimetic compound that improves several issues with cinacalcet, including the high rate of GI tract side-effects, the inhibition of the CYP2D6 enzyme and low bioavailability due to rapid metabolization by the CYP3A4 enzyme. Meanwhile, its pharmacological profile as an allosteric modulator of CaR and the effect of suppressing PTH secretion from parathyroid gland cells are similar to cinacalcet \[[@pone.0232428.ref017], [@pone.0232428.ref021]--[@pone.0232428.ref024]\].

In this study, we investigated whether evocalcet would prevent ectopic calcification and suppress parathyroid hyperplasia. We used CKD rats with SHPT induced by adenine to evaluate the effect on calcification because progressive ectopic calcification is induced in this model by high levels of serum PTH followed by the accumulation of Ca and phosphate in soft tissues \[[@pone.0232428.ref025]\]. The dosage of evocalcet (0.3 mg/kg) that showed clear suppressive effect on serum PTH and Ca levels by single administration was used in this study \[[@pone.0232428.ref020]\]. As a result of five weeks continuous treatment, evocalcet reduced the Ca and IP content and prevented calcification of the aorta, heart and kidney. This preventive effect of evocalcet on calcification is likely caused by the inhibition of PTH secretion from parathyroid gland cells followed by the reduction of serum Ca, since we previously showed that PTH depletion by parathyroidectomy suppressed calcification in CKD rats with SHPT induced by 5/6 Nx \[[@pone.0232428.ref026]\].

Although evocalcet tends to decrease the serum phosphate levels in patients with SHPT \[[@pone.0232428.ref027]\], we could not observe the reduction in serum IP levels in CKD rats with SHPT induced by adenine. The discrepancy is possibly due to the remnant kidney function of this animal model of CKD. In fact, due to the negation of phosphaturic effect of PTH by these calcimimetic agents, phosphorus levels actually increase in CKD patients \[[@pone.0232428.ref028]\]. Since PTH reduces phosphate reabsorption at the proximal renal tubule, the inhibition of PTH by evocalcet might reduce the excretion of phosphate from the renal tubules \[[@pone.0232428.ref029], [@pone.0232428.ref030]\], which negates the decrease in serum phosphate level resulting from the prevention of bone resorption.

Ectopic calcification is formed at an early stage of SHPT, and is accelerated by the increase of serum Ca and phosphate levels and associated with high-turnover bone disease with high serum PTH levels \[[@pone.0232428.ref001], [@pone.0232428.ref031], [@pone.0232428.ref032]\]. The processes involved in vascular calcification have been identified \[[@pone.0232428.ref033]\]. Briefly, Ca is actively deposited in the vessel wall and forms amorphous calcium phosphate under hypercalemia. This compound gradually transforms into the insoluble apatite form within tissue leading to vascular calcification. In circulation, calcium phosphate crystals coexist with chaperone-binding proteins that inhibit the crystallization of Ca and IP particles at physiological concentrations. These mineral-protein complexes are called calciprotein particles, CPP, and contain fetuin-A and Matrix Gla protein, well-known circulating inhibitors of calcification \[[@pone.0232428.ref034], [@pone.0232428.ref035]\]. Since it was suggested that suppressive effect of evocalcet on serum Ca contributed to prevent the ectopic calcification, there is room for further study to evaluate whether evocalcet suppresses CPP production and there is the effects of evocalcet on these factors for calcification.

We also observed the effect of evocalcet on parathyroid gland growth using CKD rats with SHPT induced by 5/6 Nx. We found that evocalcet significantly suppressed the parathyroid gland enlargement and cell proliferation. By reducing parathyroid hyperplasia, evocalcet might suppress the development of SHPT, thereby inhibiting the increase of serum PTH and thus prevent ectopic calcification at an initial stage.

Reduced expression of the CaR is one of the main cause of proliferation of parathyroid grand cells and cinacalcet shows the preventive effect on the growth of parathyroid gland cells \[[@pone.0232428.ref036]--[@pone.0232428.ref039]\]. NPS R-568, a calcimimetic compound, was shown to reduce parathyroid gland cell volume in CKD rats with SHPT induced by 5/6 Nx \[[@pone.0232428.ref040]\]. These reports suggest that activation of CaR is important in the suppression of parathyroid cell proliferation.

Parathyroid hyperplasia is caused by a complex cascade of events which has not been completely clarified. Nevertheless, there are some hypotheses that can explain the regression of the parathyroid gland by calcimimetic agents. First, calcimimetic agents may affect the cell cycle. Cinacalcet has been shown to increase the expression of p21, a cell cycle inhibitor, which controls cell entry into the actively dividing S phase, and thus prevents parathyroid gland cells from entering a proliferative hyperplastic state \[[@pone.0232428.ref037], [@pone.0232428.ref039]\]. Second, calcimimetic agents may promote cell apoptosis. High concentrations of cinacalcet have been shown to induce apoptosis in parathyroid cells from uremic rats in vitro, although this result is controversial \[[@pone.0232428.ref014]\]. Third, calcimimetic agents may increase the oxyphil/chief cell ratio in the parathyroid gland. Parathyroid glands are composed of many chief cells and fewer oxyphil cells, and the correlation between cinacalcet therapy and a high oxyphil/chief cell ratio was shown in hemodialysis patients. Since the oxyphil cells have a lower level of proliferation than the chief cells, the increase in the oxyphil/chief cell ratio may reduce parathyroid gland cell proliferation \[[@pone.0232428.ref041]\]. As a calcimimetic agent that allosterically activates the CaR, these hypotheses might be applied to evocalcet. However, the size of the oxyphil cell is larger than that of the chief cell, so none of these hypotheses explains why the parathyroid gland cell sizes were reduced in this study. Further studies are needed to verify the effect of evocalcet on these factors.

In summary, the present study suggests that evocalcet can improve ectopic calcification and parathyroid hyperplasia by inhibiting PTH secretion in SHPT patients similarly to cinacalcet. These effects seemed important to improve prognosis in patients with SHPT. Evocalcet is therefore expected to significantly contribute to the management of SHPT through early intervention.

Supporting information {#sec025}
======================
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Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Tatsuo Shimosawa, M.D., Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Please include the total number of animals used in your study and the IACUC approval number related to your study. In the Methods section regarding the CKD rats with SHPT induced by 5/6 Nx please include the frequency of animal monitoring, including the specific criteria you used to monitor animal health.

3\. In regard to Evocalcet, please provide more information in the Methods regarding product lot number.

4\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1371/journal.pone.0195316>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

5\. Thank you for stating the following in the Competing Interests/Financial Disclosure\* (delete as necessary) section:

\"The author(s) received no specific funding for this work.\"

We note that one or more of the authors are employed by a commercial company: Kyowa Kirin Co., Ltd..

Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

2\. Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.  

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to  PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and  there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

6\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Congratulations on this excellent study. I think this was well conducted and well explained. I found a few problems with grammar, sentence structure and syntax that I have tried to correct below. Kindly take a look. There were a couple of clarifications that I requested on subject matter as noted below.

Line 42: Would change to: '...Since there is no treatment that can efficiently reverse vascular calcification, its prevention is important in improving prognosis of patients with SHPT'

Line 45: Change to : 'Parathyroid hyperplasia is a characteristic feature of SHPT and its progression leads to hypersecretion of PTH and this in turn leads to altered mineral metabolism.'

Line 50: Add comma after therefore: '...therefore, been widely used...'

Line 52: Change to : 'It has been reported that ...'

Line 55: Change to : 'It has also been suggested...'

Line 57: Change to: 'However, cinacalcet has been associated with gastro-intestinal (GI) side-effects such as nausea and vomiting, ...'

Line 61: Change to : ' ...similar pharmacological profile to cinacalcet, it has lesser effect...'

Line 63: Change to: '...hyperplasia need further evaluation" or " ...need to be evaluated further.'

Line 104: Consider modifying- It is unclear what you are trying to say (what do you mean by established ?) -- I think you could modify it to: "CKD rats with SHPT induced by adenine by the methods described above, were used."

Line 272: Change to: '...that improves several issues with cinacalcet, including the high rate of GI side effects, ...'

Line 281: Do you mean to say that the dosage of of Evocalcet (0.3mg/kg) that showed clear suppressive effect on serum PTH and Ca levels IN PREVIOUS STUDIES by single administration was used in this study? ... If so, kindly add that phrase.

Line 288-291: I think studies (including reference 27 that you have quoted) show that cinacalcet and evocalcet decrease serum phosphorus levels only in dialysis patients, not in all CKD patients. In fact, due to the negation of phosphaturic effect of PTH by these calcimimetics, phosphorus levels actually INCREASE in CKD patients (see PMID:23023638, DOI: CliCa121015671576). What you found in your study, where phosphorus levels increased in CKD rats treated with evocalcet, is consistent with the above studies. I think you tried to explain this concept in lines 292 to 295 but would clarify lines 288-290 to reflect the above.

Line 294: Change 'cancels' to 'negates'

Line 310: Change 'As a result, evocalcet significantly...' to 'We found that, evocalcet significantly...'

Line 317 to 318: Change to: "These reports suggest that activation of CaR is important in the suppression of parathyroid cell proliferation."

Finally, in table 2, Adenine induced CKD rats treated with evocalcet seemed to have had increased renal calcification, out of proportion to other organs, almost comparable to vehicle treated rats (though the degree of calcification seems to be slightly less). I am just curious as to what your thoughts are about this finding.

Reviewer \#2: Authors clarified suppressive effects of Evocalcet on tissue calcification and parathyroid hyperplasia induced by kidney dysfunction.

1\) In Line 226, authors used 2 doses of Evocalcet (0.03 or 0.3 mg/kg), although results from only 1 dose were shown in Figure 2 and Figure 3.

2\) Did authors look at changes of parathyroid cell apoptosis, expression of p21 and CaR, and an oxyphil/chief cell ratio after Evocalcet administration?

3\) What is the mechanism of cell size reduction after Evocalcet administration? Cellular structure, component of organella, and PTH content may be examined.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Elijah V. Kakani

Reviewer \#2: Yes: Shozo Yano

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

8 Apr 2020

Dear Academic Editor

Tatsuo Shimosawa, M.D., Ph.D.

Academic Editor

PLOS ONE

Title: Evocalcet prevents ectopic calcification and parathyroid hyperplasia in rats with secondary hyperparathyroidism

Authors: Mariko Sakai, Shin Tokunaga, Mika Kawai, Miki Murai, Misaki Kobayashi, Tetsuya Kitayama, Satoshi Saeki, and myself.

We thank the referees for the carefully reviewing our manuscript and fruitful suggestions, especially for suggesting better terms and sentences concerning our manuscript. We found the comments of the reviewers most helpful and thus revised our manuscript according to the suggestions of the reviewers. We enclose revised versions of the manuscript, both with highlights of all changes and with unmarked changes. We also include a letter of our itemized responses to the Editor's and Reviewer's comments. We hope that this revised manuscript is now acceptable for publication in PLOS ONE.

About Funding and Competing Interests,

Mitsubishi Tanabe Pharma Corporation provided evocalcet. All studies were performed and the cost of them were supported by Kyowa Kirin Co., Ltd. Mariko Sakai, Shin Tokunaga, Mika Kawai, Miki Murai, Misaki Kobayashi, Tetsuya Kitayama, Satoshi Saeki, and Takehisa Kawata are employees of Kyowa Kirin Co., Ltd. Kyowa Kirin Co., Ltd provided support in the form of salaries for authors, MS, ST, MK, MM, MK, TK, SS and TK, but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section.

Evocalcet is the product in development, and Kyowa Kirin Co., Ltd and Mitsubishi Tanabe Pharma Corporation have the ownership of the patents of evocalcet.

These does not alter our adherence to PLOS ONE policies on sharing data and materials.

Thank you again for considering our manuscript. We are looking forward to hearing from you soon.

Respectfully yours,

Takehisa Kawata, PhD

Nephrology Research Laboratories, Nephrology R&D Unit, R&D Division

Kyowa Kirin Co., Ltd

1188, Shimotogari, Nagaizumi-cho, Sunto-gun, Shizuoka, 411-8731, Japan

Phone: +81-90-2047-4856

Fax: +81-55-986-7430

e-mail: <Takehisa.kawata.kk@kyowakirin.com>

 

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response; We checked the format to make sure it was correct for PLOSONE style requirements. If there are any problems, please let us know.

2\. Please include the total number of animals used in your study and the IACUC approval number related to your study. In the Methods section regarding the CKD rats with SHPT induced by 5/6 Nx please include the frequency of animal monitoring, including the specific criteria you used to monitor animal health.

Response; Thanks for your helpful suggestions. We have noted animal numbers in each study in the method section (page 6, line 106, page 6, line 108, page 7, line 117, page 9, line 154).

We have also noted IACUC number as follows (page 6, line 98-102).

"protocol number APS 18J0188 for the single administration study, 17J0078 for the five-week administration study using CKD rats with SHPT induced by adenine, 14J0052 for the four-week administration study using CKD rats with SHPT induced by 5/6 Nx"

We revised the manuscript and described frequency of animal monitoring, including the specific criteria as follows (page 5, line 86-90).

"All experimental animals were monitored at least once per working day throughout the course of the study. Humane endpoints were defined as reduced physical activity level, weight loss, hunched posture, and other signs of distress. All rats reaching humane endpoints or in the single administration study were euthanized by carbon dioxide inhalation after the completion of studies."

3\. In regard to Evocalcet, please provide more information in the Methods regarding product lot number.

Response; Thanks for your helpful comment. We have noted the lot number of evocalcet in the method section (page 5, line73-75).

4\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<https://doi.org/10.1371/journal.pone.0195316>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

Response; I am very sorry that some of the expressions were duplicated from past our paper. We corrected the following points.

Page 3, line 50-54

"Cinacalcet is the first approved calcimimetic agent in 2004, allosterically modulates the calcium receptor (CaR) on parathyroid gland cells and suppresses PTH secretion \[4, 5\]. Cinacalcet has been widely used clinically for more than 10 years in the world for management of SHPT in dialysis patients \[6-11\] and succeeded to reduce the number of parathyroidectomies \[12\]."

Page 4, line 59-62

"Although cinacalcet has excellent PTH lowering effect, it has problems of causing upper gastro-intestinal (GI) side effects such as nausea and vomiting at a certain rate \[17\]. These problems sometimes become an obstacle to the long-term use of cinacalcet or treatment with increased doses of cinacalcet \[18, 19\]."

5\. Thank you for stating the following in the Competing Interests/Financial Disclosure\* (delete as necessary) section:

\"The author(s) received no specific funding for this work.\"

We note that one or more of the authors are employed by a commercial company: Kyowa Kirin Co., Ltd..

1\. Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

2\. Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

Response; Sorry for not enough information. Kyowa Kirin Co., Ltd. provided authors' salaries and research fundings. We add following sentences at Disclosures section as follows (page 21, line 359-370).

"About Funding and Competing Interests, Mitsubishi Tanabe Pharma Corporation provided evocalcet. All studies were performed and the cost of them were supported by Kyowa Kirin Co., Ltd. Mariko Sakai, Shin Tokunaga, Mika Kawai, Miki Murai, Misaki Kobayashi, Tetsuya Kitayama, Satoshi Saeki, and Takehisa Kawata are employees of Kyowa Kirin Co., Ltd. Kyowa Kirin Co., Ltd provided support in the form of salaries for authors, MS, ST, MK, MM, MK, TK, SS and TK, but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section. Evocalcet is the product in development, and Kyowa Kirin Co., Ltd and Mitsubishi Tanabe Pharma Corporation have the ownership of the patents of evocalcet. These does not alter our adherence to PLOS ONE policies on sharing data and materials."

6\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

Response; There are no clinical data, so we feel that this comment is not relevant to our manuscript.

ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー

Reviewer \#1: Congratulations on this excellent study. I think this was well conducted and well explained. I found a few problems with grammar, sentence structure and syntax that I have tried to correct below. Kindly take a look. There were a couple of clarifications that I requested on subject matter as noted below.

Line 42: Would change to: '...Since there is no treatment that can efficiently reverse vascular calcification, its prevention is important in improving prognosis of patients with SHPT'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 43-45, page 3).

Line 45: Change to : 'Parathyroid hyperplasia is a characteristic feature of SHPT and its progression leads to hypersecretion of PTH and this in turn leads to altered mineral metabolism.'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 46-48, page 3).

Line 50: Add comma after therefore: '...therefore, been widely used...'

Response; Thank you very much for your helpful comment. The editor also instructed us to rewrite this part because it is similar to our previous papers, so we completely revised it as follows (line 50-54, page 3).

"Cinacalcet is the first approved calcimimetic agent in 2004, allosterically modulates the calcium receptor (CaR) on parathyroid gland cells and suppresses PTH secretion \[4, 5\]. Cinacalcet has been widely used clinically for more than 10 years in the world for management of SHPT in dialysis patients \[6-11\] and succeeded to reduce the number of parathyroidectomies \[12\]."

Line 52: Change to : 'It has been reported that ...'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 54, page 4).

Line 55: Change to : 'It has also been suggested...'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 57, page 4).

Line 57: Change to: 'However, cinacalcet has been associated with gastro-intestinal (GI) side-effects such as nausea and vomiting, ...'

Response; Thank you very much for your helpful comment. The editor also instructed us to rewrite this part because it is similar to our previous papers, so we completely revised it as follows (line 59-60, page 4).

"Although cinacalcet has excellent PTH lowering effect, it has problems of causing upper gastro-intestinal (GI) side effects such as nausea and vomiting at a certain rate \[17\]. These problems sometimes become an obstacle to the long-term use of cinacalcet or treatment with increased doses of cinacalcet \[18, 19\]."

Line 61: Change to : ' ...similar pharmacological profile to cinacalcet, it has lesser effect...'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 64, page 4).

Line 63: Change to: '...hyperplasia need further evaluation" or " ...need to be evaluated further.'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 64-65, page 4).

Line 104: Consider modifying- It is unclear what you are trying to say (what do you mean by established ?) -- I think you could modify it to: "CKD rats with SHPT induced by adenine by the methods described above, were used."

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 116, page 7).

Line 272: Change to: '...that improves several issues with cinacalcet, including the high rate of GI side effects, ...'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 282-283, page 17).

Line 281: Do you mean to say that the dosage of of Evocalcet (0.3mg/kg) that showed clear suppressive effect on serum PTH and Ca levels IN PREVIOUS STUDIES by single administration was used in this study? ... If so, kindly add that phrase.

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out and added reference (line 291-292, page 18).

Line 288-291: I think studies (including reference 27 that you have quoted) show that cinacalcet and evocalcet decrease serum phosphorus levels only in dialysis patients, not in all CKD patients. In fact, due to the negation of phosphaturic effect of PTH by these calcimimetics, phosphorus levels actually INCREASE in CKD patients (see PMID:23023638, DOI: CliCa121015671576). What you found in your study, where phosphorus levels increased in CKD rats treated with evocalcet, is consistent with the above studies. I think you tried to explain this concept in lines 292 to 295 but would clarify lines 288-290 to reflect the above.　

Response; Thank you for your valuable suggestion. We cited the original reference from the reference you pointed out and revised the sentence as follows (line 298-302, page 18).

"Although evocalcet tends to decrease the serum phosphate levels in patients with SHPT, we could not observe the reduction in serum IP levels in CKD rats with SHPT induced by adenine. The discrepancy is possibly due to the remnant kidney function of this animal model of CKD. In fact, due to the negation of phosphaturic effect of PTH by these calcimimetics, phosphorus levels actually increase in CKD patients \[28\]."

Line 294: Change 'cancels' to 'negates'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line, page).

Line 310: Change 'As a result, evocalcet significantly...' to 'We found that, evocalcet significantly...'

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line, page).

Line 317 to 318: Change to: "These reports suggest that activation of CaR is important in the suppression of parathyroid cell proliferation."

Response; Thanks for your helpful comment. We have revised the sentence as you pointed out (line 304, page 18).

Finally, in table 2, Adenine induced CKD rats treated with evocalcet seemed to have had increased renal calcification, out of proportion to other organs, almost comparable to vehicle treated rats (though the degree of calcification seems to be slightly less). I am just curious as to what your thoughts are about this finding.

Response; Thank you very much for your helpful comments. As you say, calcification of the kidney seemed to be not decreased enough compared to other organs in the evocalcet group. The reason is not clear, so it is only a hypothesis, but we think the reason of it as follows. The renal calcification is induced not only blood vessels but also renal tubules by lot excretion of calcium and phosphorus in adenine rats. Evocalcet reduced serum PTH and promotes calcium excretion. Therefore, even if serum calcium was lowered, the calcium concentration in the renal tubules might have remained high, and it is considered that the calcification did not improve sufficiently. This calcimimetic's effect on urinary Ca excretion become a concern when renal function is present, but we do not believe this problem is a major clinical problem in dialysis patients.

Reviewer \#2: Authors clarified suppressive effects of Evocalcet on tissue calcification and parathyroid hyperplasia induced by kidney dysfunction.

1\) In Line 226, authors used 2 doses of Evocalcet (0.03 or 0.3 mg/kg), although results from only 1 dose were shown in Figure 2 and Figure 3.

Response; Thanks for your helpful comment. It's just our mistake and sorry for about that. We have revised the sentence as you pointed out (line 237, page 14).

2\) Did authors look at changes of parathyroid cell apoptosis, expression of p21 and CaR, and an oxyphil/chief cell ratio after Evocalcet administration?

Response; Thank you for pointing it out. In this study, we did not observe the changes of p21 and CaR expression, apoptosis, and an oxifil/chief cell ratio because we could not establish an excellent system, even though we studied it.

3\) What is the mechanism of cell size reduction after Evocalcet administration? Cellular structure, component of organella, and PTH content may be examined.

Response; Thank you for a very useful question. The size of the parathyroid gland depends on the number and size of the cells. Although this is not a thorough study, we have an impression that the size of glands decreases in a short period of time, even though the number of cells does not change, when calcimimetics is administered to CRF rats with enlarged glands caused by SHPT. Therefore, the mechanism by which cells decrease in size is largely due to the decrease in the amount of endoplasmic reticulum containing PTH.
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Submitted filename: Response to Academic Editor.docx
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Click here for additional data file.
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15 Apr 2020

Evocalcet prevents ectopic calcification and parathyroid hyperplasia in rats with secondary hyperparathyroidism.

PONE-D-20-01532R1

Dear Dr. kawata,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Tatsuo Shimosawa, M.D., Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?
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